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Purpose: To assess the predictive value of ultrasound uplex scanning in the detection of 
superior mesenteric artery (SMA) and celiac artery (CA) occlusive disease. 
Methods: Thirty-nine patients in whom mesenteric ischemia was suspected were examined 
with duplex scan and arteriography. 
Results: Duplex scan visualized both vessels in all examined patients. An absent Doppler 
signal from an adequately visualized SMA or CA was a pathognomonic sign for total 
occlusion of the arteries. Elevated iastolic velocities (peak diastolic velocity > 70 cm/sec 
for SMA and >100 cm/sec for CA) were accurate predictors of arteriographically 
confirmed stenoses ->50%. Increased blood velocity was occasionally observed in a 
thyrotoxic patient with malabsorption-induced weight loss and abdominal pain but 
arteriographically-normal SMA. Further examinations of hyperthyroid patients howed 
systematic elevation of peak systolic velocity in the SMA greater than 300 cm/sec but 
normal diastolic velocities and resistivity indexes. 
Conclusion: Duplex ultrasound is a highly selective and specific method for detection of 
SMA and CA occlusive disease. The most accurate predictors of the disease were increased 
diastolic velocities, which in contrast o peak systolic velocity also correctly classified 
thyrotoxic patients. The method can be used before arteriographic evaluation as a 
screening examination of patients in whom mesenteric ischemia is suspected. (J Vasc Surg 
1997;26:288-93.) 
Acute and chronic mesenteric schemia have no pa- 
thognomonic signs, and the diagnosis used to be 
established by exclusion of  other diseases or, often 
too late, by explorative laparotomy in the operation 
theater. Therefore, an easy-to-use, reliable, and por- 
table diagnostic instrument to define strict diagnostic 
criteria for mesenteric artery disease is needed. Ultra- 
sound seems to fulfill these requirements. 
The first publications on superior mesenteric ar- 
tery (SMA) imaging by means of duplex ultrasound 
appeared in the mid-1980s from Strandness' 
group. 1,2 However, the number of patients with 
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SMA disease that were studied did not exceed four, 
which precluded efinitive conclusions. Preliminary 
Doppler criteria for splanchnic artery stenosis or oc- 
clusion were first defined in 1991 in publications by 
Moneta et al.3 and by Bowersox et al. 4 The conclu- 
sions differed somewhat, as the most accurate duplex 
scan predictor for the disease in the first paper was 
peak systolic velocity (PSV), whereas in the latter it 
was diastolic velocity. Healy et al. s in 1992 could not 
find any significant correlation between blood flow 
velocities and the degree of arteriographically deter- 
mined stenosis in a retrospective study of 25 patients; 
they concluded that duplex ultrasound may not be a 
reliable screening test for mesenteric artery disease. 
During our clinical practice and laboratory experi- 
ments, we found ultrasound Doppler waveform-- 
especially PSV--dependent on a number of patho- 
logic and physiologic conditions, which may explain 
some of the seeming disagreement in the literature. 6 
We observed elevation of PSV in a thyrotoxic patient 
with a normal mesenteric arteriogram. This 
prompted us to investigate the SMA blood flow 
velocity in patients with thyrotoxicosis and to report 
the results in this article. 
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The purpose of this study was, on the basis of 
previously published criteria, 3 to determine the accu- 
racy of duplex ultrasound examination for prediction 
of mcsenteric and celiac artery occlusive disease; and 
by comparison with arteriography, to establish the 
most sensitive and specific duplex ultrasound criteria 
for the diagnosis of mesenteric and celiac artery oc- 
clusive disease. 
PATIENTS 
Patients in whom intestinal ischemia was sus- 
pected. Thirty-nine patients--26 women and 13 
men with mean age of 63 years (range, 40 to 79 
years) and a mean weight of47 kg (range, 34 to 65 
kg)--in whom abdominal angina was suspected un- 
derwent examination of the splanchnic arteries by 
duplex ultrasound and arteriography. The examina- 
tions were performed less than 1 week apart. All the 
patients were smokers and had constant or postpran- 
dial abdominal pain. A recent weight loss (within 6 
months before admittance) averaged 10 kg (range, 0
to 30 kg) and was not present in six patients, five of 
whom were free of mcsentcric artery disease. Six 
patients had angina pcctoris or had had a myocardial 
infarction. Six were treated for hypertension; diabe- 
tes was not present. 
Hyperthyroid control subjects. Five nonmedi- 
catcd thyrotoxic women (mean age, 43 years [range, 
21 to 62 years]; mean weight, 63 kg [range, 50 to 73 
kg]), who had fasted for at least 8 hours and were in 
the early phase of the disease associated with thyroid 
hyperfunction, underwent duplex scanning of the 
SMA. The thyroid disease was then confirmed by 
laboratory tests such as serum total T4, which aver- 
aged 243 nmol/L (range, 184 to 300 nmol/L; ref- 
erence value, 60 to 140 nmol/L) on the day of 
duplex examination and then decreased to 67 
nmol/L (range, 60 to 89 nmol/L) after an average 
of 150 days (range, 57 to 191 days) of antihyperthy- 
roid treatment. All patients had typical symptoms, 
with nervousness and emotional liability. Three had 
increased frequency of semiformed stools and un- 
characteristic intermittent abdominal pain, with a 
weight loss of 4 to 8 kg. Two patients had manifes- 
tations of Graves' disease. These patients were not 
examined by arteriography but were free of other 
diseases and had no symptoms or signs ofatheroscle~ 
rosis, and the above-mentioned symptoms disap- 
peared after antihyperthyroid treatment, including 
the weight loss. Our purpose was to limit observa- 
tions to the mesenterium. Because the celiac artery 
(CA) supplies blood to several abdominal organs, 
only the SMA was examined. 
METHODS 
Ultrasound duplex examinations were conducted 
with an ATL UM 9 (Advanced Technology Labora- 
tories, Inc., Bothell, Wash.) or an Acuson 128 (Acu- 
son, Inc., Mountain View, Calif.) using a 2.5 MHz 
phased array transducer. The measurements were 
standardized asfollows: the SMA was examined at a 
60 degree angle of insonation 7 from its origin, 
through the curve and as distally as visible; the CA 
was examined at a 30 degree angle of insonation 
from its origin to the first division; the sample vol- 
ume was adjusted according to artery diameter and 
positioned entirely within the artery; high pass filters 
were used to remove low-frequency (0 to 100 Hz) 
signals arising from the vessel wall; repetitive mea- 
surements were collected from 4 to 6 cardiac cycles. 8 
The highest flow velocity detected was considered to 
represent the most stenotic area. The records in- 
cluded B-mode estimation of diameter measured in
the most stenotic area of the vessel; blood velocities, 
as previously defined, 9 PSV, early rdiastolic velocity 
(EaDV), peak diastolic velocity (PDV), end diastofic 
velocity (EDV), mean velocity (MV), and their deriv- 
atives, pulsatility index (PI = [PSV - EDV]/MV) 
and resistivity index (RI = [PSV- EDV]/PSV). 
The primary design of the study included regis- 
tration of all Doppler variables from the SMA, but 
only PSVs from the CA. Therefore, in 11 patients the 
CA diastolic velocity data were not available. 
Duplex results were related to biplane (antero- 
posterior and lateral) aorcography in 30 patients, 
digital subtraction arteriography in two, simple one- 
plane aortography in five, and contrast computed 
tomographic s anning in two patients. The latter was 
accepted as a sufficient examination i patients wJith 
very good computed tomographic s an presentation 
of the nonstenosed v ssels and in whom other causes 
of symptoms were revealed. Ultrasound examina- 
tions were performed by one person (MJP) before 
arteriography, or in patients examined by arteriogra- 
phy elsewhere, without knowledge of the results. 
Arteriograms were reviewed by another investigator 
(SJ) without knowledge of the duplex results. 
Student's t test was used to evaluate differences in 
duplex results between the groups of patients. Semi- 
tivity was defined as the proportion of true positive 
results that were correctly identified by duplex scan, 
specificity as the proportion of true negative results 
that were correctly identified by the scan, positive 
predictive value as the proportion of patients with 
positive scan result (abnormal) who were correctly 
diagnosed, negative predictive value as the propor- 
tion of patients with negative scan result (norrnal) 
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Fig. 1. Superior mcsenteric artery Doppler variables in 26 
patients with ultrasotmd-detectable forward flow in relation 
to arteriographically assessed percent of diameter reduction. 
psV, Peak systolic velocity; eadV, early diastolic velocity; pdV, 
peak diastolic velocity; edV,end diastolic velocity; MV, mean 
velocity; P/, pulsatility index; R/, resistivity index. 
who were correctly diagnosed. A p value less than 
0.05 was considered significant. Results are given as 
the mean + standard error, or the range in parenthe- 
ses. 
RESULTS 
SMA. Arteriograms revealed occlusion in 18 pa- 
tients (46%) and ->50% stenosis in 11 (28%), whereas 
normal results or minor disease was found in 10 
Table I. Superior mesenteric artery disease 
defined as stenosis ->50% or occlusion 
assessed by arteriography and by 
duplex ultrasound 
Disease on arteriography 
Duplex scan result Present Not Present Total 
Abnormal 27 2 29 
Normal 2 8 10 
Total 29 10 39 
Sensitivity, 27 of 29 (93%); specificity, 8 of 10 (80%); positive 
predictive value, 27 of 29 (93%); negative predictive value, 8 of 
10 (80%); accuracy, 35 of 39 (90%). Criteria defined by Moneta 
et al. 3 
patients (26%). Visualization of  the SMA by duplex 
scan was feasible in all of the examined patients, but 
assessment of  the stcnosis (percent of diameter e- 
duction) in the B-mode projection was inconsistent. 
Using the criteria defined by Moneta et al? (PSV > 
275 cm/sec for stenosis, and no flow signal for oc- 
clusion), duplex scanning predicted SMA disease 
with an overall accuracy of  90% (Table I). However, 
the diastolic velocities EaDV, PDV, and EDV pre- 
dicted SMA disease accurately (100% sensitivity and 
specificity), with cut-off levels for ->50% stenoses of 
50, 70, and 50 cm/sec, respectively (Fig. 1, Table II) 
and no forward flow signal for occlusions. In 18 
patients who had occlusions detected by artcriogra- 
play, duplex scanning detected a muffled, monopha- 
sic, low-velocity flow distal to calcifications visible on 
the B-mode projection (interpreted as orificial occlu- 
sions) in four patients; ahigh-velocity (PSV = 355 + 
27 cm/sec; PDV = 155 + 25 cm/sec) forward flow 
(interpreted astight stenoses) in five patients; and no 
Doppler signal despite good visualization of  the ar- 
tery (interpreted as occlusion) in the remaining nine 
patients, one of whom had acute mesenteric throm- 
bosis. 
Celiac trunk. Duplex examination of the CA 
was omitted in four patients as a result of increasing 
discomfort and abdominal pain during the proce- 
dure. On arteriography, 11 CAs were occhaded, six 
were stenotic, and 18 revealed no or only minor 
disease. Visualization of the CA by duplex scanning 
was feasible in all of  the examined patients, but as- 
sessment of the stenosis in the B-mode projection 
was inconsistent. Using criteria defined by Moneta et 
ai.s (PSV -> 200 cm/sec for stenosis and no flow 
signal for occlusion), duplex scanning predicted CA 
stenosis with an overall accuracy of 94% (Table III). 
The diastolic velocities EaDV and PDV predicted 
CA disease accurately (100% sensitivity and specifici- 
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Table II. Doppler parameters according to arteriographically defined status of artery and in patients 
with thyrotoxicosis--SMA} 
No stenosis or stenosis < 50% Stenosis >- 50% Occluded, but stenosis Thyrotoxic 
(n = 10) (n = 11) on duplex (n = 5) (n = 5) 
PSV 170 + 27 407 + 44* " 355 -+ 27 345 + 13" 
EaDV 5.2 + 7.I 164 + 26* I40 + 19 -3 .2  + 14.3, NS 
PDV 34 + 4 I77 -+ 24* 155 + 25 49 -+ 5, NS 
EDV 17 + 3 i48 +- 24* 94 + 10 24 + 2, NS 
MV 44 _+ 6 148 _+ 17" 117 -+ 11 95 ± 3* 
PI 3.3 _+ 0.2 1.8 _+ 0.2* 2.2 _+ 0.2 3.5 ± 0.2, NS 
RI 0.88 + 0.0 0.6 + 0.0" 0.7 +- 0.0 0.92 + 0.0, NS 
All measurements are expressed in cm/sec. 
PSV, Peak systolic velocity; EaDV, early diastolic velocity; PDV, peak diastolic velocity; EDV, end diastolic velocity; MV, mean velocity; PI, 
pulsatility index; R/,  resistivity index. *p < 0.001 (t test with no stenosis); NS, not significant (t test with no stenosis). ]'Occlusions 
excluded. 
ty), with cut-off levels for ->50% stenoses of 90 and 
100 cm/sec, respectively (Fig. 2, Table IV); and no 
flow signal for occlusions. In patients with arterio- 
graphic occlusions, duplex scanning detected a high- 
velocity forward flow (interpreted as the right steno- 
sis) in one patient; PSV of 198 cm/sec, EaDV of 151 
cm/sec, and PDV of 149 em/sec (interpreted as 
stenosis) in one patient; and no Doppler signal de- 
spite good visualization of the artery (interpreted as 
occlusion) in nine patients. Reversed flow was never 
observed in the CA. 
Hyperthyroid control subjects. Neither steno- 
ses nor calcifications were found in B-mode projec- 
tion in these patients. None of the patients were 
hypertensive during the examination. Three patients 
had triphasic Doppler waveform with reversed flow 
velocity o f -10  to -37 cm/sec. Mean values of the 
Doppler variables and results of the t test for inde- 
pendent samples are given in Table III. In all patients 
PSV was elevated to greater than 300 cm/sec and 
MV to greater than 80 cm/sec, whereas diastolic 
velocities and resistivity indexes were close to those 
of patients who had no or only minor disease. 
DISCUSSION 
The feasibility spectrum for duplex ultrasound of 
SMAs in a nonselected population is about 60%, and 
the two main reasons for unsuccessful Doppler stud- 
ies are abdominal gas and obesity. 1° The population 
of the present study was selected--mesenteric isch- 
emia was suspected in all patients, in which case 
obesity is never present and excessive abdominal gas 
is uncommon. Similarly, none of the thyrotoxic pa- 
tients were obese. This can explain 'our visibility suc- 
cess rate of 100%. Despite occlusions, the arteries 
were well visualized in the B-mode projection; how- 
ever, a recognition of occlusion was only possible by 
Doppler verification. No detectable Doppler signal 
Table II I .  Celiac trunk disease defined as 
stenosis ->50% or occlusion assessed by 
arteriography and by duplex ultrasound 
Disease on arteriography 
Duplex scan result Present Not present Total 
Abnormal 16 1 17 
Normal 1 17 18 
Total 17 18 35 
Sensitivity, 16 of  17 (94%); specificity, 17 of 18 (94%); positive 
predictive value, 16 of  17 (94%); negative predictive value, 17 of 
18 (94%), accuracy, 33 of  35 (94%). Criteria defined by Moneta et 
al? 
despite good visualization of the SMA in urgent 
duplex scan helped us to recognize acute mesenteric 
thrombosis in two patients who were without earlier 
abdominal symptoms or signs for atherosclerosis. 
SMA occlusion in one of these patients was not 
verified by arteriography but only in the periopera- 
rive period; therefore, the patient was not included to 
the present s udy. Unfortunately, both patients un- 
derwent operation too late and died as a result of 
bowel necrosis. 
Determination of the degree of arterial diameter 
reduction on arteriography is difficult, often uncer- 
tain, and the result does not necessarily correspond 
to the degree of blood flow reduction. A method to 
validate this observation, however, is not available. 
Catheterization with measurement of pressure gradi- 
ents could have been such a method, but is invasive, 
hazardous in case of calcifications, and ignores collat- 
eral flow. Other methods, such as estimation of total 
splanchnic blood flow by dilution technique or intes- 
tinal absorption tests, are not selective. In seven pa- 
tients (five SMA and two CA), high-velocity forward 
flow was detected espite occlusion on the arterio- 
gram. The explanation could be that duplex scanning 
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Fig. 2. Celiac trunk Doppler variables in 15 patients with 
ultrasound-detectable forward flow in relation to arterio- 
graphically assessed p rcent of diameter reduction, psV, 
Peak systolic velocity; eadV, early diastolic velocity; pdV, 
peak diastolic velocity; edV, end diastolic velocity; MV, 
mean velocity; PI, pulsatility index; RI, resistivity index. 
is more sensitive to detect minimal blood flow than 
arteriography or that there is a high-velocity coUat- 
eral circulation feeding the artery and "cheating" the 
duplex. Fortunately, misinterpretation f a severe 
stenosis as an occlusion or vice versa has no clinical 
impact in this vascular territory, as opposed to other 
regions, such as the carotid bifurcation. Treatment of 
occlusive lesions by endovascular means may be con- 
sidered less appropriate as compared with stenoses; 
Table IV. Doppler parameters according to 
arteriographically defined status of 
artery--CA 
No stenosis or Stenosis >-50% 
n stenosis < 50% (n = 6) 
PSV 18 168 ± 8 295 ± 33* 
EaDV 7 63 ± 8 150 _+ 16" 
PDV 7 71 ± 7 166 -+ 19" 
EDV 7 47 ± 8 124 ± 13" 
MV 7 58 ± 10 107 ± 14 t 
PI 7 2.4 ± 0.2 1.6 ± OA t 
ILl 7 0.74 _+ 0.02 0.57 ± 0.03 t
PSV, Peak systolic velocity; EaDV, early diastolic velocity; PDV, 
peak diastofic velocity; EDV, end diastolic velocity; MV, mean 
velocity; 1"1, pulsafility index; R/, resistivity index. *p < 0.001 (t 
test with no stenosis); tP< 0.05 (t test with no stenosis). JgOcclu- 
sions excluded. 
however, angioplasty is widely used in noncerebral 
peripheral vascular occlusions. In four other patients 
with artcriographic occlusions, a monophasic, low- 
velocity signal was detected. A similar observation 
was reported by Bowersox et al., 4 who found Dop- 
pler-detectable blood flow in two of six arterio- 
graphically occluded vessels. These findings confirm 
the presence of a collateral branches feeding the 
distal part of the arteries. 
Criteria defined by diastolic velocities eem to be 
more sensitive and specific in detection of  SMA and 
CA disease as compared with those defined by PSV. 
This observation corroborates the results reported by 
Bowersox et al.4 but has not yet been confirmed by a 
blinded prospective method-validating study. Peak 
systolic velocity seemed less accurate, probably be- 
cause it is affected by factors that alter inflow volume 
and pressure. In the present study, using PSV-de- 
fined criteria for assessing SMA disease, two false- 
positive results were present. One of the patients had 
thyrotoxicosis, the other had atherosclerotic calcifi- 
cations in the aorta and was hypertensive. It is un- 
clear whether increased blood pressure increases 
mesenteric artery blood velocity, but we know that 
central hemodynamics influence the pattern of the 
SMA Doppler wave. 6There are many other patient- 
related factors with proven influence on the SMA 
Doppler waveform, such as postprandial function of 
the bowel TM or medication. 1s,14 In addition, other 
still-unrecognized sources of variability--inflamma- 
tory bowel diseases, for example--arc likely to affect 
the results. 
Thyrotoxic hyperdynamic circulation is charac- 
terized by increases in stroke volume and heart 
rate. is Increascd stroke volume is most probably 
responsible for elevation in PSV. 6 Elevation of the 
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PSV over 300 cm/sec  together  with a clinical picture 
o fnongo i te r  thyrotoxicosis may mimic the SMA dis- 
case. However ,  diastolic velocities and resistivity in- 
dexes close to normal  and preserved reversed b lood 
flow in the early diastole differentiated these patients 
from those who had mesenteric artery occlusive dis- 
ease. The low diastolic velocities and triphasic Dopp-  
ler waveforms reflect maintained high peripheral im- 
pedance o f  the nonstenosed vessel, 
CONCLUSION 
Ul t rasound duplex scanning was a highly selective 
and specific method for detect ion o f  superior mescn- 
tcric artery and celiac artery occlusive disease. Ultra- 
sound may therefore bc used as a supplement o 
general u l trasound examination o f  the abdomen for 
screening patients in whom mesentcric ischemia is 
suspected and in patients who have uncharacteristic 
abdominal  pain. The most  accurate predictors of  
SMA and CA stenosis werc increased iastolic vcloc- 
ities (peak diastolic velocity > 70 cm/sec  for SMA 
and >100 cm/sec  for CA), which, in contrast to 
peak systolic velocity, also correctly classified the thy- 
rotoxic patients. 
We thank Birthe Nygaard, MD, Herlev Hospital for 
selection of thyrotoxic patients and providing their data. 
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